Objective The aim of this study was to compare quick Sepsis-related Organ Failure Assessment (qSOFA) and Systemic Inflammatory Response Syndrome (SIRS) scores for predicting mortality.
Introduction
In the emergency department (ED), sepsis is a timedependent disease. Within 72 h, a significant proportion of patients with milder severity progress to severe sepsis or death [1] . The most common preventable medical error leading to unexpected death within 72 h is inappropriate treatment for sepsis [2] . Early recognition of patients at risk of early mortality is important, as such patients may benefit from aggressive and prompt therapeutic intervention. According to a recent meta-analysis of heterogeneous populations of patients with sepsis [3] , early and quantitative resuscitation strategies confer a survival benefit.
The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) [4] recommends a new scoring system, the quick Sepsis-related Organ Failure Assessment (qSOFA), for screening patients with suspected sepsis. In the original study [5] , qSOFA scores were better than SOFA scores at predicting mortality. Moreover, it is simple, comprising only three clinical components (hypotension, tachypnea, and altered consciousness).
Several studies [6] [7] [8] [9] showed that qSOFA scores were better than systemic Inflammatory Response Syndrome (SIRS) scores for predicting mortality; qSOFA scores have better areas under the receiver operating characteristic curve (AUCs) for mortality than SIRS scores. In contrast, other studies [10, 11] have demonstrated that qSOFA scores are no better than SIRS scores and have lower sensitivity. We hypothesized that the ability of qSOFA scores to predict in-hospital mortality may be affected by a time factor (i.e. it more effectively detects early mortality within 72 h of ED presentation). This study aimed to compare qSOFA and SIRS scores for predicting early and late mortality in ED patients with suspected infection.
Patients and methods

Design and setting
We conducted a single-center, retrospective, observational cohort study at Kaohsiung Chang Gung Memorial Hospital, a 2300-bed medical center providing primary and tertiary level care in southern Taiwan. It receives more than 100 000 ED visits per year. The hospital's Institutional Review Committee on Human Research (103-0053B) approved the study with a waiver of informed consent.
Patients
Patients presenting with suspected infection between January 2007 and December 2013 were included if older than 18 years of age and if blood samples were collected for culture and antibiotics were initiated within 24 h of ED triage.
Measurements
Demographic data, vital signs, and laboratory results were extracted from the electronic medical record. Information on underlying disease(s) and site of infection was obtained by identifying International Statistical Classification of Diseases and Related Health Problems (9th revision) codes [12] .
To calculate qSOFA scores, one point was awarded for each of the following: systolic blood pressure of 100 mmHg or less, respiratory rate of at least 22 breaths/min, and Glasgow Coma Scale score of up to 13, giving a score of 0-3 [5] . To calculate SIRS scores, one point was awarded for each of the following: body temperature of more than 38 or less than 36°C, heart rate of more than 90 beats/min, respiratory rate of more than 20 breaths/min, and abnormal white blood cell count [ > 12 000 or < 4000/µl or > 10.0% immature forms (bands)], giving a score of 0-4 [13] . For both scores, the initial values (vital signs at triage and first blood test results) were used. However, patients without vital signs at the time of triage were not excluded. Medical records were reviewed to add the first value (all within 1 h of triage).
Definitions
The diagnosis of suspected infection by the treating emergency physicians was based on obvious sources of infection (including laboratory and image data) or potential infection (e.g. fever and inflammatory reaction). According to the clinical protocol of our hospital, most patients with suspected infection or sepsis received intravenous antibiotics, and blood cultures were taken. Patients were defined as having suspected infection if blood cultures were sent before intravenous antibiotics were administered, within 24 h of ED triage. Septic shock was defined as the persistence of sepsis-induced hypotension requiring vasoactive drug administration despite adequate fluid resuscitation [14, 15] . The primary and secondary outcomes were 72-h and 28-day mortality, respectively. The primary objective was to compare qSOFA and SIRS scores for predicting 72-h mortality. The secondary objective was to compare qSOFA scores for predicting 72-h and 28-day mortality.
Statistical analyses
Statistical analyses were performed using Statistical Package for the Social Sciences for Windows (software, version 20.0; IBM Corp., Armonk, New York, USA) and MedCalc 2015 statistical software (version 15.8). Continuous variables (mean ± SD) were analyzed using Student's t-tests. Categorical variables [n (%)] were compared using the χ 2 -test or Fisher's exact test, as appropriate. Sensitivity, specificity, and AUCs were calculated for qSOFA and SIRS scores of at least 2 to compare their ability to predict mortality. AUCs for both scores were compared using the DeLong test. Multivariate analysis was performed to determine hazard ratios (HRs), adjusted for age, sex, septic shock, and comorbidities. A P value less than 0.05 was considered statistically significant.
Results
During the study period, 77 942 patients with suspected infection were identified. After exclusions [ < 18 years of age (n = 8827)], 69 115 patients were enrolled: 1798 (2.6%) died within 72 h and 5640 (8.2%) died within 28 days ( Fig. 1 ).
Several differences were noted between survivors and nonsurvivors ( Table 1 ). Nonsurvivors were older and included a greater proportion of men with qSOFA and SIRS scores of at least 2 and septic shock. Liver cirrhosis, chronic kidney disease, and malignancies were the predominant comorbidities among nonsurvivors, whereas diabetes mellitus was more common among survivors. The respiratory tract was the most common site of infection among nonsurvivors.
Among patients with SIRS scores of at least 2, the 72-h mortality rate (3.4%) was approximately one-third that of the 28-day mortality rate (10.1%). Among patients with qSOFA scores of at least 2, the 72-h mortality rate (11.7%) was almost half that of the 28-day mortality rate (24.5%).
The qSOFA score was a better predictor of 72-h mortality than the SIRS score (AUC: 0.77 vs. 0.64). The AUC for both scores reduced for 28-day mortality (0.69 vs. 0.60) Study flow chart. ED, emergency department.
( Fig. 2a and b) . The sensitivity and specificity of qSOFA scores of at least 2 for predicting 72-h and 28-day mortality were 0.43 and 0.91 and 0.29 and 0.92, respectively. The corresponding values of SIRS scores of at least 2 were 0.72 and 0.45 and 0.67 and 0.46, respectively. The difference in the AUCs for qSOFA and SIRS scores was greater for 72-h mortality than for 28-day mortality (0.13 vs. 0.09).
The 72-h and 28-day mortality rates of patients with qSOFA scores of 0, 1, 2, and 3 were 0.8, 3.6, 10.2, and 23.4% and 4.2, 11.9, 22.7, and 37.2%, respectively (both P < 0.001) (Fig. 3 ). In the multivariate analysis, the HR of a qSOFA score of at least 2 was higher than that of a SIRS score of at least 2 in predicting 72-h mortality (2.64 vs. 1.34). The HRs of both scores reduced for 28-day mortality (1.91 vs. 1.28) ( Table 2 ).
Discussion
The main findings of our study were that qSOFA scores were more accurate than SIRS scores for predicting 72-h mortality and that qSOFA scores were better for predicting 72-h mortality than 28-day mortality.
Several studies [6] [7] [8] [9] found that qSOFA scores were better than SIRS scores for predicting mortality. In a large, international, prospective cohort study of 879 patients in the ED (in-hospital mortality rate, 8.0%) [6] , the AUC for in-hospital mortality was better for qSOFA scores than for SIRS scores (0.80 vs. 0.65). In a prospective cohort study of 152 critically ill patients with infection (in-hospital mortality rate, 19.0%) [7] , the AUC for in-hospital mortality was also better for qSOFA scores than for SIRS scores (0.74 vs. 0.59). Similarly, a retrospective cohort study of 184 875 patients with infection (in-hospital mortality rate, 18.7%) [8] reported AUC values for in-hospital mortality of 0.61 and 0.59 for qSOFA and SIRS scores, respectively. Likewise, in a study of 30 677 patients with suspected infection (in-hospital mortality rate, 5.4%) [9] , the AUC for in-hospital mortality was better for qSOFA scores than for SIRS scores (0.69 vs. 0.65).
In contrast, several studies [10, 11] have found that qSOFA and SIRS scores have similar discriminatory power and that qSOFA scores are poorly sensitive. A retrospective cohort study of 8871 patients with infection (30-day mortality rate, 3.7%) [10] demonstrated that SIRS and qSOFA scores were similar in predicting organ dysfunction (AUC: 0.72 vs. 0.73). Another retrospective cohort study of 24 164 patients with infection (in-hospital mortality rate, 4.9%) [11] also demonstrated that SIRS and qSOFA scores had similar discriminatory power in terms of in-hospital mortality (AUC: 0.66 vs. 0.64) and that the sensitivity of the qSOFA score was lower than that of the SIRS score (AUC: 0.14 vs. 0.68). Thus, the sensitivity of the qSOFA score is inferior to that of the SIRS score, especially when mortality is low. However, when mortality is higher, the sensitivity and specificity of the qSOFA score increase, making it better able to predict mortality. Mortality differences in the aforementioned studies could be because of differences in defining infection. Studies with low mortality may have included a disproportionate number of mild cases or patients who received aggressive treatment.
In the present study, the sensitivity of the qSOFA score for 72-h mortality was lower than that of the SIRS score. The SIRS score, designed by expert consensus, focuses on identifying general systemic manifestations and stratifying severity [13, 15] . It is criticized for being too sensitive and unspecific. As the qSOFA score is less sensitive than the SIRS score, it is not very suitable as a screening tool for infected patients. However, a better AUC and higher specificity mean Subgroup analysis of 72-h and 28-day mortality according to qSOFA scores. qSOFA, quick Sepsis-related Organ Failure Assessment.
the qSOFA score is more suitable as a prognostic tool to classify severity.
Although the outcomes of patients with sepsis have improved over the past few decades, in-hospital mortality rates remain high (10.0-30.0%) [16, 17] . In our study of infected patients in the ED, the 72-h and 28-day mortality rates were 2.6 and 8.2%, respectively; 31.9% of patients who died within 28 days did so within 72 h. Many critically ill septic patients board in the ED for prolonged periods [18, 19] . Illness progression during this period is an important determinant of outcome. Increased length of ED stay can affect the total length of hospital stay and in-hospital mortality [20] . Hence, fast and effective risk stratification and the prediction of 72-h mortality are crucial.
Our study has several limitations. First, as in the original qSOFA study [5] , we chose all-cause mortality over sepsis-related mortality and selected patients with suspected infection rather than critically ill patients. Second, given its retrospective design, the study may have been subject to selection bias and documentation and data entry errors. For some patients, vital signs were not evaluated at triage. However, we used the first documented vital sign (within 1 h of triage) instead of excluding these patients to avoid selection bias. Third, we did not control for potential confounders, such as laboratory tests, because these would not have been available to the physician calculating qSOFA scores. Finally, the data and results are limited to a single institution and may not be representative of other settings.
Conclusion
The qSOFA more accurately predicted 72-h mortality than the SIRS. The qSOFA also predicted 72-h mortality more accurately than 28-day mortality. In a busy ED with limited resources, physicians could prioritize treating patients with suspected infection and a qSOFA score of at least 2, thereby making effective use of resources and potentially reducing mortality. 
